Abstract-In science and engineering field of higher education, it is very important for undergraduate students to grasp some types of the modern advanced technologies. However, the even more important is that the students should have a comprehensive understanding about the meaning of innovation in the advanced technologies. With double-fluid electrospinning being a model of modern advanced nanotechnologies, the paper refines a series of teaching materials from the perspective of working processes, the final products and nanostructures, the applications of electrospun nanoproducts and their formation mechanisms. These materials are outcomes of brilliant "scientific researches feeding back high educations" and are very useful for cultivating the students' learning and practice interests on the advanced technologies, and fostering their capability of innovations and resolving complicated engineering problems.
I. INTRODUCTION
In today modern society, a series of advanced technologies occurred in an accelerating speed in a wide variety of fields. Particularly, new nanotechnologies for creating nanomaterials are reported everyday in literature. This rapid development, on one hand, requires the college students majoring in science and engineering have a fine grasp of them. And on the other hand, the teachers should draw out the common meanings from the advanced technologies for training the students, to foster their innovation capability, and make their engineering lessons vivid and impressive to the students.
Often, with the advanced technology as a core, a series of complicated engineering problems can be drawn out. During the processes of resolving these problems, the students and even their teachers can be taught to carry out innovative scientific activities. Shown in Fig. 1 is a schematic about electrospun nanoribbons utilized to treat Pb polluted water [1] . The key element is the double-fluid electrospinning process, i.e. the modified coaxial electrospinning. Several complicated engineering problems can be concluded as follows: 1) the systematic selections of crude materials and their matching extents; 2) the implementation of a modified coaxial electrospinning under an optimized condition (which often means that a series of operational parameters are matched with each other); and 3) the application effects in removing the Pb ion from the waste water. Fig. 1 Advanced technology can act as a key element for a series of complicated engineering problems and can be fully exploited as innovation teaching materials for the college students [1] .
During the resolution processes, a series of materials can be refined out for utilization as innovation teaching materials. A picture showing the step-by-step processes and their training lessons are included in Fig. 2 . The first step is the reasonable selection of polymer matrix, which should have fine filamentforming property [2] [3] [4] [5] [6] [7] [8] [9] . Meanwhile, the exploitation of solvent that is utilized for preparing the working solution is an important issue, which should ensure good electrospinnability of working fluid [10] [11] [12] [13] [14] [15] [16] . The second step is the electrospinning process and the creation of electrospun nanofibers, during which a series of parameters and also the working format can be innovatively changed for forming high quality nanoproducts [17] [18] [19] [20] [21] . The third step is the potential applications of the prepared nanofibers, which may or may not reach the initial design goal. During this step, the structureperformance relationship is one of the most important issue that can be explored to instruct the similar job in future. All the above-mentioned steps are mainly on the level of engineering. Beyond this should be the forth step, i.e. the related mechanisms and theories, both about the material formation and also about the functional applications. 
II. INNOVATION LESSONS FROM DOUBLE-FLUID ELECTROSPINNING WORKING PROCESSES
It is easy to take for granted that one-fluid electrospinning forwarded to the two-fluid coaxial electrospinning is an easy thing, which should not contain any innovation meanings. But the facts are just opposite. Although a simple increase of working fluid from one fluid to double fluids, the implementation difficulty increase tremendously. Meanwhile, the usefulness of the generated nanoproducts would greatly expand. Thus, it is not strange that Prof. Dennis once declared that the occurrence of coaxial electrospinning is one of the most important things in the field of electrohydrodynamic atomization [22] .
In this example that is specially selected for explaining innovations to the college students, the coaxial electrospinning is a modified one [10] [11] [12] . In this new process, the sheath working fluid is not an electrospinnable solution but a pure organic solvent mixture. This innovation looks very simple, but it has broken a traditional concept about the traditional coaxial electrospinning that the sheath working fluid must be electrospinnable for carrying out a successful double-fluid working process. Certainly, this innovation means a lot of innovative results, not only the process itself, but also the generated nanoproducts.
Shown in Fig. 3 is a comparison of the single-fluid electrospinning of zein solution (A) and the modified coaxial electrospinning with a blank solvent as the sheath working fluid (B). Because the strong interactions between the zein molecules and the metal nozzle of spinneret, the single-fluid electrospinning process is gradually stopped by the semi-solid substances formed around the nozzle. Manual removements of these substances for ensuring a continuous preparation process are required, which is time-consuming and tedious. In sharp contrast, the modified coaxial electrospinning can always keep a robust and continuous generation process without any personal intervention. These interesting phenomena greatly provoke the students' interests on the innovations about this advanced technology. We believe that more and more new coaxial processes can be imagined out by them in future. 
III. INNOVATION LESSONS FROM DOUBLE-FLUID ELECTROSPUN NANOSTRUCTURES
In a common sense, people always think that the electrospun nanofibers should take a morphology of round and smooth. However, some electrospun nanofibers are flat. And what is more the round and flat nanofibers can be manipulated through the experimental conditions. This also comprise an interesting innovation lesson to the college students about electrospun nanoproducts. Shown in Fig. 4 are all nanoproducts prepared from the zein solutions but from different electrospinning processes. The nanofiber in Fig. 4A has a flatter morphology was prepared using the traditional single-fluid electrospinning process. The nanofiber in Fig. 4B has a rounder morphology was prepared using the double-fluid modified coaxial electrospinning process. Thus, the innovation contents explained to the students include not only a new modified coaxial process, but also the nanoproducts with different and unanticipated morphology.
IV. INNOVATION LESSONS FROM THE APPLICATIONS AND FORMATION

MECHANISMS OF DOUBLE-FLUID ELECTROSPUN NANOPRODUCTS
In the zein molecule, there are many -NH and -C=O groups, which can attract Pb ions through electrostatic interactions, which is shown as Fig. 5A . When the abovementioned nanofibers are exploited to treat Pb polluted water, the flat zein nanofibers can provide a better treatment effects than the round zein nanofibers. This can be explained by the fact that the round nanofibers has a totally smaller surface area than the flat nanofibers. However, when the zein nanofibers are exploited to manipulate drug controlled release profiles, the flat nanofibers (F1 in Fig. 5B ) shows a poorer drug sustained release profiles than the round zein nanofibers. This entirely different effects can impress the students deeply that even the shape of nanoproduct can play their important roles in determining the materials' functional performances. Certainly, these contents comprise useful teaching materials for guiding the college students to think about their own innovations.
Based on the differences between the single-fluid electrospinning and double-fluid coaxial electrospinning, the theoretical lessons about the nanofiber formation mechanisms can also be explained clearly to the students. On one hand, just as the traditional blending electrospinning, the modified coaxial electrospinning has the typical three successive steps, which is shown in Fig. 6A . The Taylor cone, the straight fluid jet, the bending and whipping loops, and the different kinds of electrical forces exerting on the working fluids during the coaxial processes are all apparently similar with those happening in the one-fluid process. But the details are different because of two working fluids are involved. Shown in Fig. 6B , the initiation of coaxial electrospinning is a balance between the electrical field (E) and the surface tension of sheath working fluid (γ0), but the core-sheath fluids interfacial surface tension (γinter) should exert its influences on the electrospinning processes and also the quality of the resultant nanofibers. Similar with the double-fluid coaxial electrospinning, a wide variety publications about double-fluid coaxial electrospraying can be similarly explored as teaching materials for carrying out innovation lessons to the college students in high school [24] [25] [26] [27] [28] [29] . V. SUMMARY With a brand-new nanotechnology--modified coaxial electrospinning as an excellent example, the present paper has refined a series of interesting topics that can be utilized as teaching materials for innovation education in high school. The working processes of modified coaxial electrospinning, the formation of nanoproduct with different kinds of shapes and structures, and their influences on the functional performances are analyzed in details to disclose the buried innovation teaching meanings. Besides, the related theoretical lessons about the nanofiber formation mechanisms from the double-fluid process are also discussed. This job opens a new platform for innovation education in high school, on which the advanced technologies can be exploited as source materials, scientific researches can feed back education, and the teachers can share their experiences with the college students.
